Introduction
The vertebral arteries (VAs) are originated from the subclavian arteries and are major arteries for posterior circulation. The left and right VAs are typically described as having 4 segments each (V 1 through V 4 ), the first 3 of which are extracranial [1] : the V 1 segments extend cephalad and posteriorly from the origin of the vertebral arteries between the longus colli and scalenus anterior muscles to the level of the transverse foramina, typically adjacent to the sixth cervical vertebra. The V 2 segments extend cephalad from the point at which the arteries enter the most inferior transverse portion of the foramina to their exits from the transverse foramina at the level of the second cervical vertebra. These segments of the left and right VAs therefore have an alternating intraosseous and interosseous course, a unique anatomic environment that exposes the V 2 segments to the possibility of extrinsic compression from spondylotic exostosis of the spine. Small branches from the V 2 segments supply the vertebrae and adjacent musculature and, most importantly, may anastomose with the spinal arteries. The V 3 segments extend laterally from the points at which the arteries exit the C 2 transverse foramina, cephalad and posterior to the superior articular process of C 2 , cephalad and medially across the posterior arch of C 1 , and then continue into the foramen magnum. Branches of the V 3 segments typically anastomose with branches of the occipital artery at the levels of the first and second cervical vertebrae. The V 4 segments of each vertebral artery extend from the point at which the arteries enter the dura to the termination of these arteries at the vertebrobasilar junction. Important branches of the V 4 segments include the anterior and posterior spinal arteries, the posterior meningeal artery, small medullary branches, and the posterior inferior cerebellar artery (PICA) [1] .
Significance of hypoplastic vertebral artery on ischemic stroke
Congenital variations in the arrangement and size of the cerebral arteries are frequently recognized [2] , ranging from asymmetry or hypoplasia of VA on cerebral angiography. The term, hypoplasia was defined as a lumen diameter of ≤2 mm in a pathoanatomical study [3] . Up to 10 or 15% of the healthy population have one hypoplastic VA (HVA) and makes little contribution to basilar artery (BA) flow [4, 5] . The left VA is dominant in approximately 50%; the right in 25% and only in the remaining quarter of cases are the two VAs of similar caliber [4] .
The usual absence of vertebrobasilar insufficiency symptoms among people with HVA has led to an underestimation of clinical significance of HVA. However, ipsilateral HVA is commonly noted in patients with PICA infarction (Fig. 1-A and 1-B) or lateral medullary infarction (LMI, Fig. 2-A and 2-B) , suggesting that HVA confers an increased probability of ischemic stroke [6] .
PICAI, posterior inferior cerebellar artery infarction; VA, vertebral artery Although the HVA is observed in up to 10 or 15% of normal populations [4, 5] , there may be many patients with HVA who suffered from posterior circulation stroke (PCS). A Taiwan study [7] examined 191 acute ischemic stroke patients (age 55.8 ± 14.0 years) using a cervical magnetic resonance angiogram (MRA) and a duplex ultrasonography on bilateral VA (V 2 segment level) with flow velocities and vessel diameter within 72 h after stroke onset. The overall incidence of a unilateral congenital HVA was higher especially in cases of brainstem/cerebellar infarction (P=0.022). Subjects with HVA had a preponderance of the large-artery atherosclerosis subtype and a topographic preponderance of ipsilateral PCS. They suggested HVA seemed a contributing factor of acute ischemic stroke, especially in PCS territories. Perren et al [8] investigated 725 first-ever stroke patients, using color-coded duplex flow imaging of the V 2 segment, and showed that HVA (diameter ≤2.5 mm) was more frequent in PCS (mostly brainstem and cerebellum) than in strokes in other territories (13% vs. 4.6%, P<0.001), whereas distribution of all other risk factors (e.g. hypertension, hyperlipidemia, diabetes, smoking) were comparable (P>0.05). They concluded that HVA may be predisposed to PCS. Park et al [6] investigated the frequency and clinical relevance of HVA in 529 stroke patients [303 anterior (ACS) and 226 PCS] and in 306 normal healthy people. When classified by stroke location, patients with PCS (45.6%) showed more significant frequency of HVA than those with ACS (27.1%) and normal healthy people (26.5%, P<0.001 for all). Out of 226 patients with PCS, ischemic lesion distribution of VA territory stroke (PICA or LMI) in 102 PCS patients was examined by the group of VA (hypoplastic, dominant, and symmetric). HVA was defined as a VA with a diameter of ≤2 mm, and the larger (contralateral) one was defined as a dominant VA. The VA symmetry was defined when both VAs have a diameter >2 mm. Cardioembolic stroke was more prevalent in the symmetric group (P<0.05). In terms of demographic features, risk factors, and laboratory findings, there were no significant differences. Acute ischemic lesions of the VA territory stroke were present mostly in the PICA territory and then lateral medulla, PICA territory + lateral medulla, PICA territory + BA territory or more. It is because the HVA may terminate in the PICA or extends beyond the PICA to the BA, contributing little to BA blood flow [1] . Ischemic lesion distributions in the VA feature groups are displayed in Fig. 3 [6] . LMI and PICAI were dominant in the HVA group. Multiple infarctions, such as LMI + PICAI, and PICAI + ≥BA territory infarction were also more prominent in the HVA group than in the symmetric group. In the dominant VA group, the lesions were present dominantly in the PICA territory, and then in the lateral medulla. Ipsilateral HVA tended to predict the involvement of multiple and extensive lesions, and a higher incidence of steno-occlusion.
LMI, lateral medullary infarction; PICAI, posterior inferior cerebellar artery infarction; ≥BA, more than basilar artery. Stenosis or occlusion of the intracranial VA was significantly more prevalent in the hypoplastic group (vs. dominant or symmetric group). Taking these into account, HVA may be etiopathogenetically implicated in PCS, especially the VA territory. In VA territory stroke, cardioembolism and artery-to-artery embolism are the two most common stroke mechanisms [9] . Most of VA territory stroke patients with ipsilateral HVA showed stenosis/occlusion and multiple ischemic lesions were dominant in the HVA group. Cardioembolic stroke was least prevalent in the HVA group. It is thought that luminal narrowing of the HVA might make it less feasible for cardiogenic emboli to pass through it. Accordingly, HVA-related ischemic stroke is based on large-artery atherosclerosis [6] . The HVA may not be an uncommon asymptomatic if there are no risk factors, but it may contribute to PCS in some patients, if additional risk factors are present [10] .
Ischemic stroke patterns and hemodynamic features in patients with HVA or small vertebrobasilar artery
In terms of BA hypoplasia (BAH), there have been few case reports regarding an association between BAH and PCS [11, 12] . A recent study showed that BAH, defined as a diameter <2 mm was 3-fold higher in patients with PCS (vs. ACS), in which the stroke subtype was undetermined or lacunar stroke [13] . Localization of PCS was predominant in pons or cerebellar territories (71.4%). Half of PCS of BAH patients were characteristic of small infarcts by pontic-penetrating arteries [13] . The blood flow volume and velocity might be decreased in small-sized (hypoplastic artery), resulting in a higher susceptibility to prothrombotic or atherosclerosis processes than normal-sized artery [14] . Actually however, BAH usually accompanied by HVA which can be seen on MRA or transfemoral cerebral angiography (TFCA). Age-related atherosclerosis might gradually restrict the compliance of the vertebro-basilar artery hypoplasia. Sudden exertion or emotional stress would incur a paradoxical cerebral vasoconstriction and the following transient hemodynamic insufficiency may occur [15] . How do ischemic patterns in patients with hypoplastic VBA differ from those in subjects with a normal-sized VBA? Recently ischemic patterns, collateral features, and stroke mechanisms in 37 acute (2.3 ± 1.1 days after stroke onset) PCS patients after stroke onset with small vertebrobasilar artery (SVBA) were investigated [16] . The mean diameter of the normal BA has been reported to be 3.17 mm [17] and the HVA was defined to have a lumen diameter of less than 2-3 mm [18, 19] . Accordingly, SVBA was defined as a lumen diameter of <3 mm. The diameter of SVBA was measured in the mid-portion level of the BA and the V 2 of the largest VA by using magnified images of MRA. Thirty acute (2.2 ± 1.4 days after stroke onset) PCS patients with normal-sized BA (>3 mm in diameter) were compared as the control group. Ischemic lesions were predominantly observed in the cerebellum and/or medulla (VA territory) [16] . All subjects had fetal posterior circulation (FPC) from the internal carotid artery to the posterior cerebral artery. Many of the patients had distal or diffuse VA stenosis/occlusion (88.9%) and long circumferential artery (77.8%). As the degree of VA disease increased (i.e., from "none" to "unilateral" to "bilateral"), the frequency of long circumferential artery (posterior/inferior/anterior cerebellar artery) prominence (i.e., "none," "one," and "two or more") tended to increase (P<0.05). Ischemic lesions were predominantly observed in the cerebellum and/or medulla in the VA territory (72.2%).
Relatively small, scattered infarcts were observed in patients with SVBA than in those with stenotic normal-sized VBA (Fig. 4-A and 4-B) . In atherothrombotic patients, infratentorial PCS might occur following artery-to-artery embolism from the low-flowed or stenotic VA to long circumferential artery. Regardless of extensive arterial lesions, relatively small infarcts may be due to previously established collaterals from the long circumferential artery (e.g. PICA, anterior inferior cerebellar artery, superior cerebellar artery), which could compensate for the defects in the infratentorial area.
SVBA, small vertebrobasilar artery Fig. 4 . Relatively small, scattered infarcts were observed in patients with SVBAs (Fig. 4-A ) than in those with stenotic normal-sized VBA (Fig. 4-B) .
The stenotic normal-sized VBA group showed relatively large, conglomerate infarct patterns compared with those of stenotic SVBA group. However, the ischemic findings of some patients with normal-sized VBA were similar to those of SVBA group. They had common feature that showed extracranial focal VA lesion (below the V 3 ).
Association of fetal posterior circulation with PCS
Fetal posterior circulation (FPC) is a fetal variant of the posterior cerebral artery from the internal carotid artery. The pre v a l e n c e o f F P C i s r e p o r t e d t o b e 3 2 % i n t h e g e n e r a l
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www.intechopen.com population [20] . A recent study showed the existent varieties of FPC (bilateral in 88.9% of patients), and suggested that FPC may compensate the posterior circulation zone for the hemodynamic insufficiency caused by SVBA [16] . Since the cerebellar tentorium impedes the formation of a leptomeningeal connection, FPC does not contribute to the perfusion of the infratentorial area [21] . Consequently, FPC makes the development of leptomeningeal collaterals between the internal carotid artery and the vertebrobasilar system impossible [21] . The result [16] that most of the infratentorial lesions originated from the cerebellum and/or medulla (VA territory) or the pons (BA territory) are consistent with that [21] FPC would not be able to protect the infratentorial area against PCS.
SVBA is of congenital origin or a consequence of multiple or longitudinal atherosclerotic narrowing?
Embryologically, if the BA does not become the main source of blood supply to the developing posterior cerebral arteries, the FPC might persist and remain large in size [22] .
The observations that all the study patients had FPC and that the FPC was larger than the vertebrobasilar artery may support the hypothesis that the SVBA is congenitally small rather than acquired [16] .
Hemodynamic mechanism of hypoplastic artery causing to ischemic stroke
Why does size matter and how the smaller artery are susceptible to occlusion? Size alone cannot be explained because many intracranial arteries are smaller than the hypoplastic arteries and they are not predisposed to occlude [14] . An interaction between blood pressure, blood constituents and the rheology and physics of blood flow at various arterial locations might affect arterial occlusion [14] . The HVA, which shows lower mean flow volume [7, 23, 24] and decreased flow velocities [24] , seems to be more susceptible to prothrombotic or atherosclerotic processes than normal or dominant VAs. Under the decreased VA flow capacity, hypoplastic artery is prone to collapse as a result of Bernoulli's effect [25] . Therefore, it is postulated that a HVA can result in the ipsilateral occlusion of this vessel due to a direct decrease in blood flow and easy collapse of the vessel caused by the smaller VA caliber [26] . The HVA may further contribute to PCS, if additional risk factors such as hypertension, diabetes exist. Most of patients with VA territory stroke who showed VA stenosis/occlusion had HVA [6] . The stroke mechanism of PCS patients with SVBA was mostly large-artery atherosclerosis and they showed stenosis or poor perfusion state (from blunted to absent signal) of VA and/or BA on transcranial Doppler [16] . According to the Bernoulli's principle, the greater the flow velocity, the less the lateral pressure on the vessel wall. Therefore, if an hypoplastic artery is narrowed by atherosclerotic plaque, the flow velocity would increase through the constriction and decrease in lateral pressure.
Characteristic findings of HVA or SVBA by ultrasonography

Evaluation of patients with HVA or SVBA
Evaluation of the patient with presumed vertebrobasilar insufficiency or PCS should begin with a thorough clinical history and examination followed by noninvasive imaging (e.g. MRA) as for patients with carotid artery disease [27] . In case of a patient with symptomatic HVA or SVBA, which was initially seen on three-dimension time-of-flight (3D TOF) circle of Willis MRA, contrast-enhanced neck computed tomography angiography (CTA) or contrast-enhanced neck MRA is recommended. Contrast-enhanced CTA and MRA were associated with higher sensitivity (94%) and specificity (95%) than duplex ultrasonography (sensitivity 70%), and CTA had slightly superior accuracy [28] . Because neither CTA nor MRA reliably delineates the origins of theVAs, catheter-based contrast angiography is typically required before revascularization for patients with symptomatic posterior cerebral ischemia [28] .
In patient with SVBA, 3D TOF MRA can barely demonstrate VBA configuration. Even the VBA system cannot be seen entirely according to the degree of atherosclerotic burden. TFCA enables us to see collaterals from the VBA. In some patients, TFCA provides hemodynamical information that upper brainstem was supplied from retrograde filling of BA through the fetal circulation. Rarely, there can be seen some collaterals around the VBA in a patient whose VBA is nearly invisible in 3D TOF MRA. Such findings are correlated with collaterals from long circumferential arteries in TFCA. In fact, advanced arterial narrowing from the VA orifice made it difficult to access the entire VBA by TFCA. The TFCA may be actually dangerous than contrast-enhanced imaging because of catheterinduced embolization in an atherogenic small caliber.
Management of PCS patients with HVA or SVBA
PCS patients by stenotic HVA or SVBA is encountered very less commonly in clinical practice than those with usual PCS, and the evidence-based guideline for evaluation and management is less substantial.
Medical therapy
Therapeutic guidelines are as same as patients with VA disease [1] : antiplatelet drug therapy is recommended as part of the initial management for patients with symptomatic HVA or SVBA. Aspirin (81 to 325 mg daily), the combination of aspirin plus extendedrelease dipyridamole (25 and 200 mg twice daily, respectively), and clopidogrel (75 mg daily) are acceptable options. Selection of an antiplatelet regimen should be individualized www.intechopen.com on the basis of patient risk factor profiles, cost, tolerance, and other clinical characteristics, as well as guidance from regulatory agencies [31] [32] [33] [34] [35] [36] .
There is no consensus about anticoagulation therapy. Most of the HVA-or SVBA-related ischemic stroke is based on large-artery atherosclerosis [6, 16] . The WASID (Warfarin versus Aspirin for Symptomatic Intracranial Disease) trial found aspirin and warfarin to be equally efficacious after initial noncardioembolic ischemic stroke [37, 38] . Accordingly, anticoagulation may not be generally recommended as a rational therapeutic option in PCS patients with HVA or SVBA.
Endovascular revascularization
In terms of endovascular interventions, although angioplasty and stenting of the VAs are technically feasible, as for high-risk patients with carotid artery stenosis, there is insufficient evidence from randomized trials to demonstrate that endovascular management is superior to best medical management [1] .
Surgical revascularization
When both VAs are patent and one symptomatic VA has a definite stenotic lesion with the uninvolved larger VA supplying sufficient blood flow to the BA, corrective surgery may be effective [1] . The surgical approach to atherosclerotic lesions at the origin of the VA includes trans-subclavian vertebral endarterectomy, transposition of the VA to the ipsilateral common carotid artery, and reimplantation of the VA with vein graft extension to the subclavian artery. Distal reconstruction of the VA, necessitated by total occlusion of the midportion, may be accomplished by anastomosis of the principal trunk of the external carotid artery to the VA at the level of the second cervical vertebra [39] .
Summary
The PCS group showed a higher frequency of HVA than the ACS group and all the patients with unilateral HVA among those with VA territory stroke showed ipsilateral ischemic lesions. These findings provide evidence that HVA may be etiopathogenetically implicated in PCS [6] . Patients with SVBA showed FPC with bilateral dominance and FPC may compensate the supratentorial posterior circulation zone (e.g. temporooccipital area) for the hemodynamic insufficiency: most of the infratentorial lesions originated from the cerebellum and/or medulla (VA territory) or the pons (BA territory). Regardless of the presence of extensive arterial lesions (atherothrombotic SVBA), relatively small infarcts can be attributed to the established leptomeningeal collaterals from the long circumferential arteries that can compensate for the defects in the infratentorial area. Thus, the degree of collateral development along with a chronic process of atherothrombosis may determine the pattern (particularly, the size) of an ischemic lesion [16] . Optimum management of PCS patients with HVA or SVBA is not as well established as that for patients with carotid stenosis [1] . Considering for small-diameter vascular state, medical therapy and lifestyle modification to reduce atherosclerotic burden would be most appropriate, which is identical with patients with VA disease [29, 30] . This would be optimal measures in principle directed at reduction of atherosclerotic burden and the prevention of recurrent PCS, although none have been evaluated in randomized trials about medical versus surgical approaches. Despite significant technological advances in recent years, their impact on our overall health and social, wellbeing is not always clear to see. Perhaps, one of the best examples of this can be highlighted by the fact that mortality rates as a result of cerebrovascular diseases have hardly changed, if at all. This places cerebrovascular diseases as one of the most prominent causes of both disability and death. In Cuba, for instance, a total of 22,000 cases of cerebrovascular diseases are reported each year in a country where life expectancy should increase to 80 years in the near future. In such a situation, to have a book that includes in a clear and summarized way, a group of topics directly related to the preclinical investigations advances and the therapeutic procedures for the cerebrovascular disease in its acute phase constitutes a useful tool for the wide range of the contributors to this affection's problems solution. In this group is included students, professors, researchers, and health policy makers whose work represents one of the greatest social and human impact challenges of the XXI century basic and clinical neurosciences.
How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:
Jong-Ho Park (2012). Does Small Size Vertebral or Vertebrobasilar Artery Matter in Ischemic Stroke?, Acute Ischemic Stroke, Prof. Julio Cesar Garcia Rodriguez (Ed.), ISBN: 978-953-307-983-7, InTech, Available from: http://www.intechopen.com/books/acute-ischemic-stroke/does-small-size-vertebral-or-vertebrobasilar-arterymatter-in-ischemic-stroke-
